Abstract. The amount of alum sludge produced at water treatment plant has become a problem where it is highly costly in order to dispose them. Various research was conducted to find the most suitable and economic alternative to recycle and reused of alum sludge. In this study, alum sludge was retrieved from Waterworks where it was dewatered, dried, grounded and sieved to obtain smallest particle sizes of alum sludge. The synthetic water was prepared at the laboratory in as it was used to imitate the properties of real water contaminated with chromium. This study was conducted to determine the percentage reduction of chromium concentration in synthetic water by using alum sludge as absorbent. The percentage reduction of chromium was observed under the effect of initial concentration of chromium and the height of alum sludge. The result indicates that chromium concentration reduction was the highest at the lowest initial concentration and at the highest height of alum sludge and vice versa.
INTRODUCTION
Human activities have been a primary cause for the concentrations of heavy metals, mainly chromium to increase in water bodies. It is because these metals can be found generally used in many industrial processes such as leather tanning, metal finishing, textiles industries, electroplating and chromate preparation [1] . Without proper industrial waste disposal practices, chromium can come in contact with water bodies via surface water. Chromium oxidation states can be divided into two states which are trivalent chromium (Cr(III)) and hexavalent chromium (Cr(VI)). Cr(VI) has been identified to be more dangerous and toxic than Cr(III) as Cr(VI) poses greater potential health risks, especially to human. According to Kowalski [2] , Cr(VI) is 500 times more toxic than Cr(III). It has been recognised by National Institute for Occupational Safety and Health (NIOSH) [3] as carcinogenic to human when inhaled. Inhalation of Cr(VI) will increase risk of lung cancer and also damage capillaries in kidneys and intestines. Other effects include skin ulceration, allergic contact dermatitis, occupational asthma, rhinitis, nosebleed, respiratory irritation, and eventually death.
Alum salts are the most commonly used chemical in water purification industries as coagulation agent whereby it helps in the production of clean drinking water that resulted in the accumulation of inevitable waste by-product that are called alum sludge. Alum sludge has a physical appearance of gelatinous amorphous structure that consists of many elements such as organic and inorganic matter, various microbial consortia, coagulant products and chemical substances [4] . High concentration of aluminium is found in alum sludge where it will contaminate the soil when alum sludge is finally discharged into the landfill and later reducing the lifespan of the landfill [5, 6] . It is also uneconomic as excessive disposal of alum sludge will lead to massive dumping cost to the country [7] . Therefore, alum sludge is suggested to be recycled and reused as absorbent to remove Cr ions.
Study conducted using local dried alum sludge from the local waterworks to remove chromium is very few. This study conducted to investigate chromium removal using dried alum sludge from Semenyih Waterworks. Alum sludge from Malaysia has potential to be used as absorbent to treat wastewater before it being discharged into water bodies. This alternative will also successfully reduce the cost of heavy metal removal as the normal practises are usually more costly, and it also offers a much effective way for removal of heavy metal. 
METHODOLOGY Material
Raw semi-solid alum sludge was retrieved from Semenyih Waterworks where it was dewatered, air dried at room temperature, grounded and sieved to particle size of 2.36 mm to obtain the smallest particles sizes of dried powdered alum sludge. Potassium Dichromate (K 2 Cr 2 O 7 ) was mixed with distilled water to make the chromium synthetic water. For impact of different initial concentrations, the initial concentrations were set to 0.2 mg/L, 0.4 mg/L, 0.6 mg/L, 0.8 mg/L and 1.0 mg/L. For impact of height of alum sludge, 2 cm, 4 cm and 6 cm height of alum sludge used. The reagent used in this study is ChromaVer ® 3 Chromium Reagent Powder Pillows to detect the presence of Cr(VI) ions.
Chromium Measurement
Cr(VI) concentration was measured using Spectrophotometer (HACH DR-900) according to HACH Method 8023. Every test was conducted for 75 minutes where at 15 minutes interval, 10 mL of water samples were collected and measured for its Cr concentration. The result was presented in two forms of graph which are Cr concentrations against sample initial concentration and Cr concentrations against height of alum sludge. Percentage removals are provided at the above of each of bar graphs.
Non-continuous flow system
A 100 cm long cylindrical pyrex column was used in this study with the inner diameter of 7.4 cm. 2 cm layer of dried alum sludge are placed on top of 2 cm supporting layer of gravel. A piece of wire mesh was placed at the bottom of the transparent column in order to prevent loss of alum sludge. A pail was placed at the bottom of the transparent column to collect all filtered water sample. Figure 1 shows the diagram of the experimental setup. 
Data analysis and Modelling
Percentage reduction equation was used to calculate the Cr concentration at every 15 minutes interval where it was provided on top of the bar graph. The equation is as Equation 1:
is the initial concentrations of water sample and is the final concentrations of water sample where both of them is in unit of mg/L. Baral [8] , the amount of alum sludge active adsorption site to contain the Cr ions are unchanged at fixed amount of absorbent. Therefore, the increase in concentrations causes the amount of the Cr ions present in the water to be increasing as well. As explained by Nawar [9] , the percentage reductions of absorbates are reduced at higher concentration due to number of absorption site that is becoming less effective as the adsorption sites become highly saturated. Hence, in order to increase the percentage reduction at higher concentration, higher amount of alum sludge is needed to be used. Fig. 9 , 10, 11, 12 and 13 showed the percentage reductions of Cr where at 75 minutes, the percentage reductions observed are decreasing by 28 %, 34 % and 43 % for 2, 4 and 6 cm height of alum sludge respectively. It can be observed that the percentage reduction is the highest at the height of 6 cm and the lowest percentage reduction can be observed at the lowest height of alum sludge which is 2 cm. This shows that the height of absorbent is had a definite impact on the percentage reduction of Cr. By increasing the height of alum sludge, the amount of alum sludge active adsorption site will increase as well and are absorbing the ions present inside the solution. According to Zahari [6] , higher amount of usable adsorption sites enable the absorption of higher ions from the solution. The reason lies on the surface area in which it increases the amount of absorption, and soon providing greater percentage reduction of Cr. As a result, higher height of alum sludge provides higher percentage reduction [10] . 020125-5 
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CONCLUSION
The results indicate chromium ions were absorbed at the surface of alum sludge. For the impact of initial concentration of chromium, the highest percentage reduction was 75 % observed at the concentration of 0.2 mg/L whereas the lowest percentage reduction was at the concentration of 1.0 mg/L with 23 %. It can be concluded that the chromium ions reduction is the highest at low concentration of chromium and vice versa. For the impact of height of alum sludge, the highest percentage reduction was observed at the highest height of alum sludge which is 6 cm with 43 %. Meanwhile, the lowest percentage reduction with 28 % was observed at the height of alum sludge of 2 cm. The percentage reduction increases with increment of the height of alum sludge used. It also can be concluded that these results obey the Langmuir adsorption isotherm for both parameters. Based on the results obtained, it shows that alum sludge able to reduce chromium concentrations by increasing the height of alum sludge. From the result, alum sludge retrieved from Semenyih Waterworks is able to reduce chromium concentration very well. This study helps in promoting alternative which more cost saving to remove heavy metals and provide other option to dispose alum sludge.
